Aims-To compare treatment regimens of two widely used natural surfactant preparations Curosurf and Survanta in respiratory distress syndrome (RDS). Methods-The effects of the two treatment regimens on gas exchange, ventilatory requirements, and 28 day outcome in infants with RDS were compared. Seventy five preterm infants (birth weight 700-1500 g) with RDS requiring artificial ventilation with an FIO2 of :0 4, were randomly selected at 1-24 hours of age. One group received an initial dose of Curosurf (200 mg/kg); the other group Survanta (100 mg/kg). Patients who remained dependent on artificial ventilation with an FIO2 of B0*3 received up to two additional doses of Curosurf (each of 100 mg/g) after 12 and 24 hours or up to three additional doses of Survanta (each of 100 mg/kg) between six and 48 hours after the initial dose. Results-There was a rapid improvement in oxygenation and ventilatory requirements were reduced in both groups. However, infants treated with Curosurf had a higher arterial:alveolar oxygen tension ratio and required a lower peak inspiratory pressure and mean airway pressure at several time points within 24 hours of randomisation (p<0.05-0.001).
on artificial ventilation with an FIO2 of B0*3 received up to two additional doses of Curosurf (each of 100 mg/g) after 12 and 24 hours or up to three additional doses of Survanta (each of 100 mg/kg) between six and 48 hours after the initial dose. Results-There was a rapid improvement in oxygenation and ventilatory requirements were reduced in both groups. However, infants treated with Curosurf had a higher arterial:alveolar oxygen tension ratio and required a lower peak inspiratory pressure and mean airway pressure at several time points within 24 hours of randomisation (p<0.05-0.001).
The incidences of pneumothorax in the Curosurf and Survanta groups were 6% and 12-5%S respectively; the corresponding figures for grades 3-4 intracerebral haemorrhage were 30/0 and 12/5%o respectively. Mortality was 30/0 in the Curosurf group and 12-5% in the Survanta group. However, these differences did not reach significance.
Conclusion-The Curosurf treatment regimen resulted in a more rapid improvement in oxygenation than Survanta and reduced ventilatory requirements up to 24 hours after start of treatment. This was associated with a trend towards reduced incidence of serious pulmonary and nonpulmonary complications.
(Arch Dis Child 1995; 72: F8-F13) Keywords : surfactant treatment, respiratory distress syndrome, Curosurf, Survanta. Surfactant treatment with natural or synthetic preparations reduces the incidence of neonatal mortality and pneumothorax in babies with respiratory distress syndrome (RDS).1 Natural surfactants seem to improve oxygenation and lung function more rapidly than synthetic surfactants,2 but there have been no studies comparing the effects of two natural surfactants.
We designed a pilot trial to compare the acute effects of the bovine preparation Survanta (Beractant, Ross Laboratories, Columbus, Ohio, USA) and the porcine surfactant Curosurf (Chiesi Farmaceutici, Parma, Italy). The two surfactant preparations have been carefully evaluated in clinical trials36 7-9; they are licensed in Europe and have several features in common but differ in some potentially important biophysical characteristics.10
In preparation for a trial comparing therapeutic regimens involving these two natural suxfactants, the present study was performed to test case record forms, compliance with randomisation guidelines in the collaborating centres, feasibility of monitoring procedures, adherence of centres to general good clinical principles, and for sample size calculations of a large definitive trial.
Methods
Curosurf is a natural surfactant, prepared from pig lungs. It contains almost exclusively polar lipids -in particular phosphatidylcholine (about 60% of the total phospholipids) and 1% of the specific hydrophobic low molecular weight apoproteins SP-B and SP-C. Further details of the composition and the physical properties have been described before. I size of the population from which they were recruited and because of differences in admission policies (table 1) . Criteria for entry were: (i) birth weight 700-1500 g; (ii) clinical and radiological findings typical of RDS; (iii) age at randomisation of hours; (iv) requirement of artificial ventilation with a fraction of inspired oxygen (FiO2) of >0 4; (v) no complicating diseases; and (vi) parental consent.
Complicating diseases leading to exclusion of infants were: (i) prolonged rupture of membranes (>3 weeks); (ii) intracranial haemorrhage (ICH) grade III-IV before randomisation; and (iii) severe birth asphyxia (Apgar score of -3 at five minutes, umbilical arterial cord blood pH of <7<1), or major congenital anomalies. Anaemia, hypotension, hypoglycaemia, acidosis, and pneumothorax and neonatal infection (with group B streptococci, for example) were treated by appropriate measures before surfactant replacement. Infants were excluded if they had persistent physiological instability such as hypotension, hypoglycaemia, and pneumothorax.
At randomisation, all infants were mechani- 4 The maximal cumulative dose was 400 mg/kg. Survanta was administered intratracheally at a dose of 100 mg/kg (4 0 mi/kg) divided into four equal amounts, instilled into the four quadrants of the lung, as recommended by the manufacturer. Retreatment with Survanta was performed as early as 6 hours after the initial dose, provided the baby required an FiO2 of 30 3 and was still on the ventilator. Six hours after the first dose until 48 hours of age, the patients could receive up to three additional treatments, no more than every six hours if they remained intubated and required an FiO2 of >0 3 to maintain Pao2 of 350 mm Hg (36-7 kPa). Each of these doses was 100 mg/kg which means the maximum cumulative dose of Survanta was the same as for Curosurf -400 mg/kg. The retreatment doses (if required) were administered in two doses into each lung quadrant. Details of the instillation procedure have been reported.9 11 No suctioning of the airways was performed during the first six hours after instillation of Curosurf or Survanta. After surfactant administration the baby was reconnected to the ventilator, and FiO2 and ventilator settings were immediately adjusted according to clinical response to maintain adequate blood gases (Pao2 of 50-70 mm Hg); (Paco2 40-50 mm Hg, pH 37 3) with the lowest possible level of FiO2 and PIP. To obtain this goal, FiO2 was lowered first; subsequent adjustments included reduction of insufflation pressure and inspiration:expiration ratio. A PEEP of 2-5 cm H20 was maintained during the first hours after surfactant instillation.
Arterial or transcutaneous blood gas values were determined at regular intervals (five, 30, 60 minutes; three, six, 12, 24 hours, and two, three, four, seven, and 10 days after surfactant replacement). The Curosurf and Survanta groups were compared with respect to the following measurements: Fio2, Pao2, Paco2, pH, Pao2:Fio2 ratio, arterial to alveolar P02 ratio (a:APO2), PIP, mean airway pressure (MAP), inspiration:expiration ratio, PEEP, ventilatory efficiency index,4 and arterial blood pressure.
The groups were also compared with respect to the following complications diagnosed within 28 days: pulmonary interstitial emphysema (PIE); pneumothorax; patent ductus arteriosus (PDA); intracerebral haemorrhage/(ICH); pulmonary haemorrhage; septicaemia; bronchopulmonary dysplasia (BPD); and death. Furthermore, total time of exposure to supplemental oxygen and complete duration of mechanical ventilation during hospital stay were recorded. Chest x ray pictures were examined by a local paediatric radiologist who was not involved in the study and was blinded to the randomisation of the patients. PIE and pneumothorax were diagnosed according to recent definitions.13 Sequential echocardiograms and Doppler measurements to assess shunting across the ductus arteriosus were obtained every 24 hours during the first week The statistical treatment of the trial data was approached by an intention-to-treat analysis of all eligible study subjects.17 Differences between the two randomised groups with respect to gas exchange and ventilatory settings at different time points were evaluated using the Wilcoxon-Mann-Whitney test. When the overall measures ofventilatory requirement and oxygen dependence were compared, the logrank test, with the data from all patients (not only the survivors), was used.'8 As specified in the study protocol, logistic regression analysis was used to assess the effect of the surfactant treatment regimen on the 28 day outcome variables while simultaneously controlling for the confounding influence of birth weight, sex, and allocation to different hospitals. The resulting adjusted odds ratios (OR) represent approximate relative risks and are accompanied by their 95% confidence intervals.'9
Results
CHARACTERISATION OF PATIENTS AND TREATMENT REGIMENS
Thirty five patients were randomised to the Curosurf group and 40 to the Survanta group. For two babies who were randomised to Curosurf, treatment entry criteria had been violated (birth weight was <700 g in one preterm infant and > 1500 g in the other). These infants therefore had to be excluded from further analyses (neither of them had pulmonary or extrapulmonary complications until discharge from the hospital, outcome results including these babies would have favoured the Curosurf group). Table 2 shows that the baseline characteristics of both groups were quite well matched, with the exception that the Curosurf group had a higher percentage of female babies. Median age at first treatment was about 3 hours in both groups, and in all patients the treatment was initiated before the age of 15 hours. Table 3 shows the values for duration of artificial ventilation and total time of exposure to supplemental oxygen in surviving patients: there were no differences between the groups. An identical number of patients in each group also had a supplemental oxygen requirement at 36 weeks' postconceptional age.
One Curosurf baby died at the age of 18 days from massive hepatic bleeding following surgical repair for spontaneous intestinal perforation. In the Survanta group two infants died from grade IV ICH, two from acute cardiocirculatory failure (one had tension pneumothorax), and one due to respiratory failure probably related to lung hypoplasia after premature rupture of the membranes 17 days before delivery. Age at death ranged between 1 and 2 days.
Data on the treatment comparison for pulmonary and extrapulmonary complications are listed in table 4. The incidences of most of the complications were lower in the Curosurf group, but with the small number of patients these trends towards favourable outcome following Curosurf treatment did not reach significance. The adjusted ORs given in table 4 represent the results of risk calculations for the effect of the treatment regimen (Curosurf v Survanta) on the 28 day outcome variables controlled for the influence of birth weight, sex, and collaborating centre and thus do not reflect imbalances between treatment groups with respect to these prognostic factors.
Treatment administration problems were only observed in Survanta infants, probably reflecting the larger volume of the surfactant dose. Reflux of administered surfactant was observed in three, and oxygen saturation of less than 85% in two babies five minutes after administration.
Discussion
The results of our pilot trial show that infants treated with Curosurf had less oxygen and ventilator requirements than babies treated with Survanta. Although the long term measures of outcome favoured the Curosurf infants, the differences were not significant. These results, however, provide a sound basis for an accurate sample size calculation for the large scale trial to follow; a reduction from 25% to 15% for the occurrence of the primary endpoint 'death or BPD' is a reasonable assumption on the difference to be detected. Thus, a total of 708 infants is required in the definitive study to find such a difference with 90% power using a twosided test at a significance level of 5%.
In general, the data of the present pilot study must be interpreted with caution. The trend towards favourable 28 day outcome in Curosurf treated infants has to be viewed in the light of the small number of babies enrolled in the study and the non-blind trial design. Although we are not aware of any systematic bias in the assessment of outcome measures, we cannot rule out this possibility. However, additional data analysis stratified by collaborating centre did not indicate heterogeneity in our results. Thus, if systematic bias were present it would have to be the same in all centres, which seems unlikely.
There are at least three possible explanations for the improved lung function in the Curosurf treated babies during the first 24 hours. These are, firstly, that the trial collaborators had more experience with the porcine surfactant preparation; secondly, the Curosurf is a more effective surfactant than Survanta; and thirdly, that the dose of phospholipidsnamely, 200 mg/kg v 100 mg/kg was critical.
The first explanation seems very unlikely. Although the collaborating neonatologists have participated in previous Curosurf trials,4 6 their expertise in administering Survanta is comparable as each of the centres had been using Survanta in routine clinical practice for many months before the trial started.
The two surfactant preparations used in the present trial differ in some potentially important biophysical characteristics. Curosurf and Survanta are both derived from minced animal lungs by washing and extraction with organic solvents; this latter procedure removes water soluble components including the surfactant associated apoproteins SP-A and SP-D, leaving only hydrophobic constituents with about 1% SP-B and SP-C. Curosurf is further 'purified' by a liquid-gel chromatography procedure removing neutral lipids such as triacylglycerol, cholesterol, and cholesteryl esters.'1 Survanta, in contrast, is enriched with synthetic DPPC, triacylglycerol, and palmitic acid to standardise lipid composition and reduce film compressibility. It is not clear how these different modifications of the surfactant preparations influence their physiological properties under in vivo conditions. Nohara et al confirmed that in vitro film compressibility of a bovine equivalent to Curosurf could indeed be lowered by enrichment with synthetic lipids 20; however, this was associated with retarded spreading and did not seem to improve further physiological variables of lung mechanics in ventilated immature newborn rabbits.
The present trial was designed to investigate whether these differences in biochemical and biophysical properties between the two preparations would have an impact on their clinical effects in babies with RDS. We realise that, under optimal trial conditions, Curosurf and Survanta should have been given at identical doses and treatment intervals in a blind manner. However, this was not possible, as different treatment regimens were already established for each of the two surfactants. The trial design thus implied that Curosurf was given at a larger initial dose, whereas the maximum dose during the first two days of postnatal life was the same for the two preparations. We found that, after administration of either Curosurf or Survanta, there was a rapid improvement of gas exchange, as reflected by a significant increase in a:APO2, and FiO2 could therefore be reduced in both groups of babies. However, five minutes to 24 hours after surfactant replacement Curosurf treated infants needed less oxygen than patients in the Survanta group and had a more noticeable improvement in a:APO2. Apparently, the effect of the Survanta treatment regimen was delayed.
At some time points PIP and MAP were significantly lower in the Curosurf group than in the Survanta group. Five minutes after instillation of Survanta a slight increase in median PIP was observed; this phenomenon could have been due to the larger volume of the initial Survanta dose compared with the Curosurf dose. The superior improvement in oxygenation and ventilatory pressure in the Curosurf group may reflect the higher initial dose (200 mg/kg Curosurf v 100 mg/kg Survanta) or the different preparation. The difference in ventilatory requirements between the groups might explain the trend towards the lower incidence of PIE and pneumothorax in Curosurf babies compared with Survanta babies. There was also a trend towards lower incidence of ICH in the Curosurf group; severe ICH was present in only one (3%) of the Curosurf treated infants and in five (12.5%) patients in the Survanta group. Our data support the concept that babies with RDS benefit from receiving a high initial dose4 and also indicate that a high initial dose reduces the need for retreatment. Each administration procedure, which involves deconnection from the ventilator and instillation of fluid into the airways, is potentially traumatic and usually associated with a slight drop in arterial blood pressure,21 and may even lead to transient depression of cerebroelectrical activity.22
In summary, we feel confident in concluding that preterm infants with RDS treated according to the Curosurf regimen had improved oxygenation and reduced ventilatory requirements during the first 24 hours compared with Survanta treated neonates. There was also a trend towards lower incidence of air leaks and severe ICH in babies receiving Curosurf. These findings need to be confirmed in a larger randomised trial.
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